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. Ineubation of androsterone (5) with Aspergillus tamarii gave 11 and 118 hydroxylation of 5. Iscandrosterors
was converted into . 11g-hydroxyisoandrosterone. Incubation of 1,4-androstadiene-3,17-dione (12) gave llo
and 118 hydroxylation of 12, I,4-androstadien-178-01-3-one (13), and 1,4-androstadiene-118,178-diol-3-one (14).
Compound 13 was shown to be the precursor of 14. Adrenosterone and 4-androstene-3,11,17-trione gave the -
- respective 178-hydroxy derivatives. Incubation of 58-androstane-3,17-dione gave 5B-androstan-78-0l-3,17-dione,
whereas So-androstane-3,17-dione (24) gave 5a-androstan-68-ol-3,17-dione and 118-hydroxy-5e-dihydrotestolo-
lactone (27). Androstanolone gave Su-androstane-118,178-diol-3-one (30), 24, and 27. Compound 30 was
shown not to be a precursor of 27. Analogously with the progesterone to testololactone coliversion, Se-pregnane- -
3,20-dione was converted into 5Se-dihydrotestololactone (32) and 27. A C-11 hydroxyl substituent has been
shown to inhibit transformations by 4. famarii which do oceur with the unsubstituted androgens. A discussion.
of microbial hydroxylation substrate specificity is presented. : .

The sequential removal of the side chain from Cy
steroids by microorganisms to yield D-ring lactones
was first reported by Peterson, ef al.,' and by Fried
and eco-workers.? Since then numerous: organismis
have been found®—® which will remove an acetyl,
a-ketol, or dihydroxyacetone side chain from pregnene -
steroids to yield testololactone or its derivatives.

"More than one mechanism has been shown® tg
be operative in the microbial removal of the secetyl

(I} D. H. Peterson, ef al., J. Am. Chem. Sec., TS, 5768 (1953}. . .

(2) J. Fried, R. W. Thoma, and A. Klingsberg, ibid., 75, 5764 (1953).

(3) A. Capek, et al., Neturwissenschaften, 43, £71 (1956).

(4) A. Bodanszky, J. Kellonitsch, and A. Wix, Experientia, 11, 384 (1955).
. {6} M, Nishikawa, 8. Noguchi, and T. Hasegawa, Pharm, Bull. (Tokyo),
8, 322 (1955). ) L

(6) G. E. Peterson, et dl., J. Bacterial., 74, 684 {1957)." :

(7 A éapek and O. Hané, Folia Microbicl. (Prague), 5, 251 (1960).

(8) A. Wintraub, 8. H. Eppstein, and P. D. Meister, German Patent
1,023,845 (Jan 2, 1958); Chem. Abstr., 54, 4686 (1958),

{9) G. 8. Fonken, H. C. Murray, and 1. M. Reineke; J. Am. Chem. Soc.,
82, 5507 (1960). : :

side chain of progesterone (1) as shown in Scheme 1.
However, insertion of the ethereal oxygen between C-
13 and C-17 of 3 is in accordance with the chemieal
mechanism of per acid attack on the C-17 ketone io
produee the lactorie as shown in Scheme [.214 .

In an earlier study' incubation of progesterone (1)
with Aspergillus tamaerit Kita gave testololactone
(4) as the major metabolite. A second produet from
Incubation of this substrate was lIg-hydroxytestos-
terone, which appeéared to be formed from hydroxyla-
tion of testosterone (2). Although 2 is an intermediate
in the conversion of progesierone 1o testololactone, the
113-hydroxy analog of 2 is not metabolized further by
this fungus. This inability of A. tamaerit to metabolize

" (30) 0. X. Sebek, L.. M. Reineke, and 1. H. Peterson, J. Bacteriol., 83,
1327 {1962).
(11) H. Levy and R. P. Jacobsen, J. Biol. Chem., 1TL, 71 (1947).
(12} D. R. Bracnon, et al., J. Org. Chem., 80, 760 (1965},
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11-hydroxyiated androgens was again demonstrated
when 1le-hydroxyandrostendione was recovered un-
changed after incubation; 1le- and 118-hydroxypro-
gesterone gave only the corresponding 11-hydroxytes-
tosterone.
118-hydroxytestosterone, whereas ineubation of andro-
stendione (3) gave only 4.

To determine the extent of this apparent eompeti-
ion between the I1l-hydroxylase and D-ring lactonase
systems of A. tamarti, and in the hope of finding other
cases of side-chain cleavage with D-ring lactone forma-

‘tion, shaken cultures of A.tamarii were inoculated with

a series of androgens which differ in the A ring.

Tnecubation of A. tamarit with androsterone (3} gave .

118-hydroxyandrosterone (6) as the major metabolite,
and a small amount of 7 (Scheme IT). The infrared

spectrum of 7 showed a hydroxyl absorption and a

carbonyl band indicative of either a five-memmbered
cyclic ketone or a six-membered lactone. Mass
spectral analysis of 7 gave a molecular weight of

306.2177, which is in agreement with the elemental -
analysis of compound 7 for CioH30;5.  These results

indicated that the substrate had gained one oxygen
atom, either by hydroxylation or lactonization. How-
ever, the physical properties of 7 differ from those
reported!! for the corresponding D ring lactone,
androtolacione. Oxidation of 7 gave Se-androstan-
11a-ol-3,17-dione (8), and Sa-androstane-3,11,17-trione
{9). Based upon this evidence we propose ‘that 7
is 11a-hydroxyandrosterone, which, to our knowledge,
has not been described previously in the literature.

Incubation of isoandrosterone (10} with A. tamard
gave only 118-hydroxyisoandrosterone (11) as the
major mebabolite; no 11 -hydroxyisoandrosterone
was isolated.’?

Tneubation of 14-androstadiene-3,17-dione (12) for
96 hr gave a product which showed a minor component
of R; 0.75, and three major components of R: 0.80,
0.60, and 0.65 on examination by tle (methanol-
ether, 1:10). Incubation of 12 for 48 hr gave a mixture

(13) In every case examined tle of C-11 hydroxy! epimeric pairs showed
he « epimer to have a smaller B value than the 8 epimer,

BranNoN, PARRIsH, WILEY, AND LONG

Incubation of 2 with A. tamarii gave 4 and .
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which contained only a trace of the compound of Ey
0.60, but relatively large amounts of the compounds
of Ry 0.80, 0.75, and 0.65. The premise that the com-
pound of R 0.75 was the precursor of the compound of
R; 0.60 was verified when the compounds of B 0.75
and 0.60 were shown to be 1,4-androstadien-178-ol-3-
one (13) and the corresponding hydroxylated compound,
1,4-androstadiene-118,178-diol-3-one (14), respectively.
The product of B¢ 0.80 was shown to be 1,4-androsta-
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dien-118-0l-3,17-dione (15); the product of RB; (.65

exhibited physical propertics identical with those of -

1,4-androstadien-11a-0l-3,17-dione (16). Oxidation of
16 gave 1,4-androstadiene-3,11,17-trione (17). In-
cubation of aleohol 13 produced diol 14, but none of
compound 15, nor could 15 be obtained by ineuba-
tion of diol 14. These results again demonstrate the
nability of A. tamarid to metabolize 11-hydroxylated
androgens.

Talalay'® has suggested that the formation of epi-
meric alcohols by microbial hydroxylation, as with
androsterone and 1,4-androstadiene-3,17-dione de-
scribed above, may be the consequence of a single
hydroxylase acting in concert with two stereospecific
hydroxy steroid dehydrogenases which cause inversion
of configuration zie a ketonic intermediate. How-
ever;  incubation - of - I,4-androstadiene-3,11,17-trione

(17) ‘and adrenosterone (19) resulted only in reduction

- of the respective C-17 ketone to give 1,4-androstadien-
178-01-3,11-dione
dione (20) (see Scheme TI).

When' 58-androstane-3,17-dicne (21) was incubated
with A. tamardi, the major metabolite was compound
22.. The infrared spectrum of 22 showed a hydroxyl-

- aksorption and absorptions owing to five- and six-

membered  eyclic - ketones;  however, the physical

- properties of 22 greatly differ from those of either the

1le="or 11g-hydroxy detivative of dione 21. Oxida-
tion of compound 22 produced trione 23, whose in-
frared  spectrum- was indistinguishable from that of
58-androstane-3,7,17-trione. - Comparison. of the physi-

cal properties of 22 with those -of 55-androstan-75-ol-

3,17-dione, obtained by-incubation® of 58-androstan-

38-0l-17-one with Penicillium sp. CATCC (12 550,

showed the compounds to be identical.

Incubation of 5a-androstane-3,17-dione’ (24) pro-

duced two major produets, 25 and 27 (Scheme ITI).
The infrared- spectrum of compound 25 showed & hy-
droxyl absorption and & broad carbonyl band. Mass
spectral analysis gave a molecular weight of 304, which
agreed with the elemental analysis of 25 for CieHa0;,
indicating that the starting dione had gained one
oxygen atom. Oxidation of 25 gave a trione identical
with Sa-androstane-3,6,17-trione (26). The nmr spec-
trum of 25 confirmed the presence of only one hydroxyl
group and allowed assignment of a g configuration to
the C-6 hydroxyl group. In the 5a series of steroids,
a Ba-hydroxyl substituent, being equatorial, has only
& minor effect on the chemiecal shifts of the C-18 and
G-19 methyl signals relative to the chemical shifts of
the same methyls in the unsubstituted steroid; the
C-19 methyl signal is shifted upfield 0.5 eps and the
(-18 methyl signal is shifted downfield 0.5 cps.’® How-
ever,
group and the C-19 methyl group results in a much
larger shift for the C-19 methyl signal; the C-19
and C-I8 methyl signals are shifted downfield by 13.5
and 2.5 cps, respectively.’® The nmr spectrum of 25
exhibited the C-19 and C-18 methyl signals &t 75 and
56 cps, respectively, e, 12.5 and 2.5 cps downfield
from the corresponding signals for 5a-androstane-
3,17-dione, measured under the same conditions.
(14) P. Talalay, Ann. Rev, Biochem., 34, 347 (1865},
(15) 8. Noguehi and D. K, Tukeshima, J. Org. Chem., 30, 3552 (IQGJ)

(16) N. 5. Bhacca and D, H. Williams, ' Applications of Nmr Speectroscopy
in Organic Chemistry,” Holden-Day, Ine., Ban Francisco, Calif., 1964, p 19.

(18) and 4- @ndmsben—l(ﬁ‘—oI—S 11-

the 1,3-diaxial relationship of a 68-hydroxyl.
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The spemﬁc rotatlon of 25 provided further proof for
assignment of a 8 configuration to the hydroxyl at C-6,
Assuming a molecular rotation contribution (AMD)
of +55 for a 6a-hydroxyl substituent?” in 5e-andro-
stane-3,17-dione, a specific rotation of -+112° would
be expected for 5oz-a,ndrostane—6a—01 3,17-dione. How-
ever, assuming a AMDp of —350 for a 68-hydroxyl sub~
stituent,*? a, speclﬁc rotation of +80° would be ex-
pected for BSa-androstan-68-0l-3,17-dione, which is
in good agre=ment with the measured specific rotation
of +89° for compound 25.

Compound 27, the second metabolite from 24, was
identified as follows Mass spectral and e}emental
analysis indicated a molecular formula of CioHyO..
The infrared spectrum of 27 showed an hydroxyl ab-
sorption at 3400 and a single carbonyl absorption at
1705 em 1, suggesting that the C-17 ketone had under-
gone lactonization. This conclusion was sudported
when the infrared spectrum of 27 was found to be iden-
tical with that of 118-hydroxy-5e-dihydrotestololac-
tone (118-hydroxy-17 e-oxa-D-homo-5a-androstane-3 -
17-dione). This compound had heen obtained pre-
viously®® by perfusion of testololactone through bovine
adrenal glands. Confirmation of the structure of 27
came from the following microbial and chemical
synthesis of an authentic sample. Although testo-
lolactone was the end ploduct of incubation of progas-
trone with: A, tamarii, when testololactone was
incubated a low yield of 1lﬁ-hydroxytestololactone (28)
was obtained. None of compound 28 was obtained
after ‘incubation of progesterone for 7 days. The
structure proof of 28 rests upon comparison of it and
its oxidation product (33) with authentic samples. !
Hydrogenation of 28 gave a product which was iden-
tical with compound 27 obtained from Be-sndrostane- .
3,17-dione (24). _

Having found a dihydro analogy to the conversion
of androstenedione - to testololactone, we were en-
couraged to extend the analogy to the dihydro deriva-
tives of testosterone and progesterone, and thus
achieve another case of sequential side-chain cleavage
with D-ring lactone formation.

Incubation of androstanolone (29) gave a crude prod-
uet 0011s1st1ng of ane minor and two major components.
The minor component was identified as 5Se-androstanes
3,17-dione (24). One of the major components gave an
infrared spectrum identical with that of 5e-androstane-
118,178-diol-3-one  (30). This ecompound has been
obtained previously® by C: Meystre, but the work is
as yet not published. As mlght be expected after
finding dione 24, the second major component of the
transformation mixture was 118 -hydroxy-5a- dlhydlo—
testololactone (27).

“Incubation of BSa-pregnane- 3 20-dione  (31) gave
three metabolites. Compounds 24 and 27 were shown
to be minor products of the transformation. The in-

frared spectrum of the major produet (32) exhibited

{37} L. F. Fieser and M. Fieser, “Btercids,” Reinhold Publishing Corp.,
New York, N, V., 1859, p 179,

(18) (.M. Picha, U. 8. Patent 2, 755,280 (July 17, 1956) Chem. Absir., BE,
2078 (1956).

(19} The only report in the literature of 11ea- Ty droxytestoloiactcne is ref
10; however, no physical properties are given. Dr, P. A. Diassi, Squibb
Institute for Medical Research, New Brunswick, N. J., reports the compound
to have mp 216°, {«]p 4-33° (personal communication),

(20) Personal commurication from Idr, R. Neher, Ciba Ltd:, DBasls,

Bwitzerland, to whem we are also indebted for a samule of the compound.
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no hydroxyl absorption, but did contain.a single

carbonyl absorption at the same frequency as the -

carbonyl absorption of lactone 27. (See Scheme II1). -

_ " ScmevEe 10T
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Hy'drog’enati(_m?. of testololactone 'g.iv.és- a m'jxm.r.e. of-
compounds, ‘one of which - (3a-dihydrotestololactone)

was identical with compound 32, The oceurrence of -
compound 32 again indicates that D-ring lactoniza- -

tion oceurs prior to C-11° hydroxylation. This was
substantiated when incubation of either 5a-androstane- '
118-0l-3,17-dione or diol 30 resulted only in recovery
.of starting material, indicating neither to be a precursor
of lactone 27.  However, incubation of lactone 32
afforded a good yield of lactone 27. . o

. Conversion of 5a—dihydroprogester6né (31) to .56_4-.

dihydrotestololactone (32) and conversion of both

sa-dihydrotestosterone  (29). and . 5e-dihydroandro- -

stenedione (24) to a Sa-dihydrotestololactone deriva--

tive imply the conversion shown in Scheme IV, whichis

analogous with. the progesterone: o testololactone
eonversion shown in Scheme I o S
It is interesting to speculate on the substrate speci-
ficity shown by -A. tamariz toward hydroxylation of
compounds 10, 21, and 24 in the C-118, C-78, and C-
68 positions, respectively. Studies®* have shown that

BrannNow,; Parriss, WILEY, AND LoNG

et
- v R
enzymatic steroid hydroxylations proceed by a meéch-- -
anism in which there is a direet replacement of the hy-
drogen in the position to be hydroxylated, and 2324 that
the oxygen of the hydroxyl group introduced into the
steroid originates from atmospheric oxygen and not from
water. el

It may be that each of the three substrates is hy-
droxylated by a different hydroxylase. enzyme (either.
constitutive or produced by adaptation). depending
upon the suitability of the substrate for attachment or
attack by one of the three enzymes.” However, ex-
amination of Dreiding models of the steroid substrates
and products suggests other possible explanations of-
the microbial hydroxylation specificity described above

and for some cases reported in the literature. . In view .-

of the well-demonstrated stereoselectivity of microbial

- transformations it is probable that the steroid substrate

is at some time bound to the surface of the enzyme caus-

- ing the transformation, and that the points of binding - -

having a fixed spatial relationship to the. site: of hy-
droxylase activity on the enzyme. In the three sub-
strates mentioned above, and, in general, in most
steroidal substrates, the most likely sites for binding the

steroid to the enzyme surface ave the oxygen functions ' o

at C-3 and C-17 (or C-20). Assuming these points of:

- attachment, it js informative to note the spatial posi-’

tions of the 8 hydrogens at C-6, C-7, and C-11 in-
relation to a line joining the oxygen functions at.(C-3

and C-17 as shown. The structure depicted i in-

H

.‘sité'Ai—O: :

tended o be only a model and not any partictlar.
steroid, At least two mechanisms (other than: the -
multienzyme mechanisi presented above) now. be- .
come possible which éould account for hydroxylation. -
in the three different positions with only one enzyme. .
(1) The different conformation of each of the: suh=

strates causes the substrate to be orientated différently.
" along the C-3-C-17 line, relative to the enzyme sur--

face, such that either the C-68, C-78, or C-115-hydrogen
is pearest to the site of hydroxylase activity' on the
enzyme - surface. (2) The stercid - substrates  may
bind to the surface of the enzyme in more than one of
the four possible orlentations shown (I-1V);- in each .
(21) . J. Corey, G. A. Gregodou, and D. H '-Petérson.._'J. Am .C’h'em.
Soc., 80, 2338 (1958). _ e
(22) M. Hayano, et al.; ibid., 80, 2336 (1958), .. .~ = = - 00
(23) M. Hayano, e al., Arch. Biochem. Biophys., 89, 528 (1955). . | :

(24) M. Hayano, Biochim. Biophys. Acia, 21, 380 (1956). . =
(25) .8. H. Eppetein, et ali, J. Am. Chem. Soc., 70, 408 {1953), -
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- orlentation a différent hydrogen is nearest to the site
of hydroxylase activity.. Consequently the position
of the 118 hydrogen in I, relative to the site of 118-
hydroxylase activity on the enzymie, becomes the mid-
point between the C-6"and C-7. g-hydrogens in 111
This may account for the g-hydroxylations at C-11, C-6,
and C-7 by A. tamdrii as described above. _—

Many other cases have been reported of one organism’

having the ahility to hydroxylate stérolds in two dif-

ferent positions which tend to substantiate mechanism _

2. - Penterllium: sp.- ATCC 12,556 hydroxylates 53-
androstan-3a-0l-17-one in the 78 position. . However,

incubation of Sa-androstan-8a-ol-17-one with the same -
organism: affords - 128 hydroxylation, whereas: 5az
androstan-38-ol-17-one was hydroxylated in the 1a-
position.’® - Tt is interesting that the position of the 1z
hydrogen in I, relative to the site of la-hydroxylase
activity on the enzymsé, is occupied by the 128 hydrogen -

L mIV.

- Numeérous orga,i_liéms.'.ha&é been reported? “which -
hydroxylate steroids in both the C-68 and C-11a posi-:

tions to  give ‘dihydroxy steroids. Studies®* have

shown that both hydroxylations do not oceur simul--

taneously. ~Again, in going from I to IV the 63 hy-

drogen. is the hydrogen nearest to the space previously

occupied by the 11a hydrogen. . -~~~ .
. It has been reported?® that some organisms which

give 118 hydroxylation also give 14w hydroxylation,
whereas organisms which give 1la hydroxylation, in.

general, do not give 14« hydroxylation. These obh-
servations could also be explained by mechanism 2
In going from I to II, the 14a hydrogen occupies the
position previously occupied by the 118 hydrogen.

- Mechanism 2 may also explain the fact that several

organisms, such as A. famari, are capable of hydroxyl--
ating the same substrate in either the C-1la or C-115
position; in going from I to IV the 11« hydrogen is the -

hydrogen nearest to the position previously occupied
by the 118 hydrogen. We realize that little concrete
evidence has been presented- to substantiate mech-
anisms 1 or 2 proposed above, It may well be that
numerous mechanisms are operative in mierobial
hydroxylations. Unfortunately, in many steroid trans-

.{26) 8. C. Pl;escoi.;t. and C. G. bhnn, “Industrial Microbiology,” MeGraw-

Hill Book Co., Inc., New York, N. Y., 1959, pp 753-767.
(27) 8. H. Eppstein, ¢ al., Vitamins Hormones, 14, 398 (1959), -

(28) E. L. Dulaney, E. O. Stapley, and C. Hlavae, Mycologia, 47, 464

(1958). . .
(28) 8. H. Eppstein, ef al., Vitemins: Hormones, 14, 390 (1859),
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formation studies only the major metabolites have been

isolated and identified. Complete delineation of micro-
bial ‘hydroxylation mechanisms must await studies
with pure hydroxylase enzymes. '

- Experimental Section -

Melting poirits were determined with a Thomas-Hoover melting
point apparatus and are uncorrected. Analyses were performed
by Mz. Carmine DiPietro of these laboratories. Infrared spectra
were recorded - with a Beckman IR-9 spectrometer, optical
rotations were determined with a Bendix automatic polarimeter;. -
ultraviolet. spectra were obtained with a -Cary 14 rtecording
spectrometer, nmr spectra were determined with a Varian A-80
spectrometer using CDCl; as solvent with TMS (0.00 eps) as
internal standard, and mass spectra were taken on a CEC 21-110 -
instrument. Thin layer chromatograms were run on 275-g-thick.
Merck silica gel G coated glass plates, with detection by jodine
vapor. Fisher absorption alumina A-540 ( activity TII) was used
for alumina eclumn chromatography. - oo . .

General Methods of Fermentation.—Flagks (250 ml) containing
100 ml of sterile solution® consisting of 50 g of ghicose, 2.4 g of -
ammonium nitrate, 2 g of magnesium sutfate, 10 g of potassium °
dihydrogen phosphate, trace elements and 1006 ml of distilled
water were inoculated with 4. femari Kita QM 1223 and in-"
cubated at 25° for 96 kr on a rotary shaker. A solution of 50 mg -
of steroid dissolved in 0.4 ml of dimethylformamide was then
added and the incubation was confinued for another 96 hr,,
unless otherwise indicated. An average of 2 g of dry myeelium

was obtained from each flask after the total 8 days. - The flask. -

contents were combined and the mycelium was filtered off and
washed with chloroform, The aqueous filirate was extracted:
by stirring for 24 hr with one-half of its volume of ‘chloroform. "
This echloroform extract was combined with the .chloroform"_ :

washings from the mycelium, dried over anhydrous magnesium

sulfate, and concentrated to dryness under vacuum., -
Incubation of Androsterone.—Androsterone (1 g) was incu-
bated for 96 hr 'as described above. Removal of the chloroform -
and dimethylformamide from the crude extract gave 530 mg of
partially crystalline material which was chromatographed on 35 g -
of alumina. . .0 .. e L -
" Elution with ‘methanol-sther {1:99) gave 310 mg of diol 6

which: grystallized upon removal of the solvent: mp 198-200°, . -

 al®p 4950 (¢.0.2, EtOH) (lit.% mp 197-198°, [ap -+-96°).

Anal. Caled for CuHuQn C, 74.47; H, 9.87. Found: C,
74.19; 1, 10.03. . . . . S
The ‘infrared” spectrum of 6 was superimpossble on that of -
authertic Sa-androstane-3a,118-diol-17-one.® ) S
Elution with methanol-ether (8:97) ‘gave 70 mg of .Impure .
material which was rechromatographed on 10 g of alumina,
Elution with methanol-ether {2:98) gave 45 mg of metabolite 7
which crystallized upon removal of the solvent: mp 214-216°;
[a]*n +11° (¢ 0.8, Me;CO); 250 3400, 1705, 1040 em ™. The
mass spectrum of 7 showed the parent ion at m/e 308.2177.
Anal. Caled for CuHyOs €, 74.47; H, 9.87.. Fouad: ¢,
74.15; T, 10.03. S .
Oxidation of Compound 7.—Chromic oxide (15 mg) in 2 ml of .
acetone was added to 30 mg of compound 7 in 1 ml of acetone.
After’ stirring at room temperature for 6 hr the acetone was
removed and the residue was partitioned betwesn water and -
sther. The ether portion was washed and dried (Mg80y), and
the ether was removed to give 22 mg of noncrystalline solid
which was chromatographed on 10 g of alumina. )
Elution with benzene-ether (1:1) gave 5 mg:of trione 0 mp
175-177° alone snd on admixiure. The infrared spectrum of 9 .
was identical with that of authentics® Se-androstane-3,11,17% °
trione. oo
Elution with methanol-ether (1:99) gave 10 mg of compound.
8, mp 190-191°. The infrared spectrum of 8 was identies] with .
that of authentic Se-androstan-11a-01-3,17-dione. 3

" (30 P. W. Brian, et al., J. Expl. Botany, 12, 1 (1961}, Repedting our
earlier!? conversions with this medium gave resuits identical with those
obtained with 3% malt extract medium. . ; . -
(31) H. L. Mason and E. J. Kepler, J, Biol, Chem., 161, 235 (1965).
(32} Kindly provided from the Steroid Reference Collection, Medical
Research Council, by Professor W. Kiyne and Dr. D. Kirk, ’
(33) Kindly provided by Dr. A, Wettstein, Ciba Lid., Basle, Switzerland
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Incubation of Isecandrosterone.—Incubation of iscandrosterone
(500 mg) gave 210 mg of crude product whose thir layer chro-
matogram (methanol-ether 2:98) showed only one major spot
of R identical with that of Se-androstane-33,118-diocl-3-one.
Chromatography of the erude product on 10 g of slumina using
methanol-ether (1:99) as eluent gave 150 mg of compound 1,
Recrystallization from methanol-ether gave an analylical sample,
mp 228%-230° (lit.3* mp 228-23%1°), The infrared spectrum of
compound 11 was identical with that of an authentic sample.??

Incubation of 1,4-Androstadiene-3,17-dione.—Incubation of
1,4-androstadiene-3,17-dione with A. famari for 96 hr as pre-
vipusly deseribed gave 820 mg of material whose thin layer
chromategram (methanol-ether, 1:10) showed four components
with R: 0.60, 0.65, 0.80, and 0.75, the latter component being
relatively minor. Incubation of the same substrate for 48 hr gave
a crude product whose thin layer chromatogram now showed the
component of B; 0.60 to be present in a trace amount, relative
to the components of K values 0.65, (.75, and 0.80. The
crude product from the 96-hr conversion was chromatographed
on 20 g of alumina.

Elution with ether gave 210 mg of compound 15, E: 0.80.
Reerystallization from ether gave an analytie sample, mp 78—
180° (lit.® mp 176-179°). Anal. Caled for CyHeOz: C, 75.97;
H, 8.05. Found: C, 75.70; H, 8.22. The infrared spectram of
15 was identical with that of an authentic sampfe.

Further elution with ether gave 311 mg of crystalline inetabolite
13; R: 0.75, mp 165-166°, The infrared spectrum of 13 was
identical with the spectrum of a commerma.l sample of 1,4
androstadien-173-0l-3-one.

Elutior with methancl-ether (1: 99) gave 14 mg of compound
14: Ri 0:65, mp 210-212° (lit.¥ mp 217°). Anal. Caled for
CioHo0y: C, 75.97; H; 8.06. Found: C, 75.90; H, 8.01.

The mfrared spectlum of 14 was 1dent1eai with tha,t of an
suthentic sarnple® of 1,4-androstadiene-118,178-diol-3-one,

Elution with methahol—ether (3:97) gave 183 mg of compound
16, R: 0.60. Recrystallization from ether gave an analytical

sample mp 210-212°, [«]?®p +85° {c 0.1, Me.CO) (1it.*® mp

212°914°, [o]%p -+86.5°).

Ozxidation of 16 to Trione 1'7 -——To a solution of 10 mg of CrO;
in 2 ml of acetone was added 20 mg of 16 in 1 ml of acetone.
After stirring at room ftemperature for 12 hr the acetone was
removed under vacuum and the residue was partitioned between
ether and water.  The ether portion was worked up as usual to
give 13 mg of trione 17, mp 193-195° (lit.® mp 195-196°).
Anal. Caled for CiHn0s: C, 76.48; H, 7.43. Found: C;
76.62; -H, 7.31.. The infrared spectrum of trione 17 was identical
with that of a' commercial sample of 1,4-androstadiene-3,11,17-
trione.

The crude extract from the 48-hr conversion was chr@ma,to—
graphed under the conditions deseribed above. The same four
products were isolated; however, compound 13 constituted only
109 of the crude product. .

Incubation of 1,4-Androstadien-178-0l-3-6ne.—Incubation of
1,4-androstedien-175-0i-3-one (100 mg) gave 77 mg of crude
product whose thin layer chromatogram showed spots with Ry
0.75 and 0.65, but none of Br 0.80. The erude product was
chromamgraphed on 10 g of alumina,

Elation with ether gave 18 mg of crystalline materlal Ry
(.75, identical with compound 13 described above.

Elution with methanol-ether (1:99) gave 45 mg of compound
14, R; 0.65, identical with 1,4-androstadienie-118,178-diol-3-one
described above. None of compound 15 was isolated.

Tncubation of 1,4-Androstadiene-118,178-diol-3-one.—Incuba-
tion of 1,4-androstadiene-118,175-diol-3-one (100 mg) for 96 hr
gave, after concentration of the chloroform extract, a crystalline
product whose infrared spectrum was identical with that of
starting diol 14. The thin layer chromatogram of the crude trans-
formation product showed no spot with Er value corparable
with the R¢ value of compound 15.

(34) D. Kupfer, Telrakedron, 18, 193 (1961,

{35) W. Charney, et al., ibid., 18, 591 (1962).

{36) Kindly furnished by Dr. H. L. Herzog, Schering Corp., Bloomficld,
N.J.

{37) E. D. de Wit and J. de Visser, Duich Patent 91,628 (July 15, 1959);
Chem, Abstr., 54, 18604 (1959).

{238) Generously supplied by Dr.. Katar Smgh, Averst Laboratories,
Montresl, Canada.

{38) P. D. Meister and A, Weintraub, German Patent 1,048,579 (fan'15,
1959); Ckem. Abstr,, BB, 3656 (1959).
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Incubation of I1,4-Androstadiene-3,11,17-irione.—~Incubation
of 1,4-androstadiene-3,11,17-trione (500 mg) gave 203 mg of 18.
Addition of methanol-ether gave crystals: mp 230-232°;
yoor 3420, 1700, 1655, 1610 and 1590 em™%; . [a]®p 158°
(¢ 0.1, MeCO) (Lit.® mp 233.5-234.5°, [a]®p +169°). Anal.
Caled for CoHsO:: C, 75.97; H, 8.05. Found: C, 76.20; H,
8.1,

A thin layer chromatogram of the crude transformation
product showed no spots corresponding to 1,4-androstadien-
11w-ul-3,17-dione, or the corresponding 118-hydroxydicne.

Incubation of 4-Androstene-3,11,17-trione.—Addition of ether
to the crude transformation product (370 mg) obtained from
iireubation of - 4-androstene-3,11,17-trione (500 mg) gave 230
mg of crystalline compound 20: mp 180-181°; [«]%nD +178°
(e 0.1, MexCO); whar 3420, 1700, 16680, 1610 em~! (lit.®
mp 177-180°, [«]®p +182.4°). Anal. Caled for CuHuzO.:
C, 75.46; H, 8.67. Found: C, 75.61; H, 8.75. The residue
from the erystallization was chromatographed on 10 g of alumina.

Ehution with ether-benzene (1:1) gave 38 mg of starting trione,
mp 215-217°. )

Elution with ether gave 42 mg of compound 20 identical with’
that described above., A thin layer chromatogram of the crude
transformation product showed no trace of either the 1la- or
115-hydroxy derivative of 4-androstene-3,17-dione.

Incubation of 3p3-Androstane-3,17- dlone ~Tneubation of 58-
androstane-3,17-dione (500 mg) gave 360 mg of crude transforma-

tion product.’ A thin layer chromatogram {ethyl acetate) showed

several trace components, but only one major component. The
crude exiract was chromatographed on 25 ¢ of alumina.

Elution: with ether-benzene {1:10) gave 52 mg of starting
dicne, mp 131-132°.

Elution with methanoi-ether (1:99) gave 240 mg of compound

. 22. Crystallization from ethyl acetate gave an analytieal

sample: mp-170-172°, [a]®p +186° {¢ 0.27, Me(CO) [lit.®
mp 176%, [e]?n. +145° {CHCL)]. Anal. Caled for CiHaOyt
C, 74.96; M, 9.27. Found: C, 74.79; H, 9.40, - _
Oxidation of 22 to Trione 23.—To 20 mg of Cr0s; ' 2-ml of
acetone was added 50 mg of 22 in 3 ml of acetone.. After stirring
at room temperature for.12 hr the acetone was removed and the
residue was partitioned between water and: ether, . The ether

. porlion was worked up-as usual to give 32 mg of trione 23 which

erystallized upon addition of ethyl acetate and has mp 220-221°,
The infrared spectrum of 23 was identical with that of authentic
5p-androstane-3,7,17-trione.*® A thin layer chromatogram of the
crude transformatmn product showed no component w1th the
same- Bt value as 5-dihydrotestololactone.? -

Incubation of S«-Androstane-3,17-dione %Ineuba.tlon of 5a-
androstane-3,17- dione (1 g) gave 720 mg of erude transformation
produet which was chromatographed on 25 g of alumina.

Elution with ether-benzene (1:10) gave 52 mg of. erystalline
starting dione 24.

Elution with ether gave 230 mg.of 25 which crystaJh?ed upon
addition of ethyl acetate: mp 215-216°; [«]*p +89° (e 0.125,
MeCO); »her 3410, 1700-1720, 1420, 1180, and 1060 cm™. -
The nmr spectram showed singlets at 56 (3 I),-75 (3 II), and a
muitiplet at 233 (1 ¥) eps. The mass spectrim of 25 showed the
parent ion at m/e 304. Anal. Caled for ClgHgs03 C, 74.96;

H, 9.27. Found: C, 75.30; H, 9.31.

F‘lutlon with methanol—ethel (3 97} gave 31 mg-of compound
27. Recrystallization from ethyl acetate gave an analytical
sample: mp 260-263° dec; [o]*nD —12° (e 0.1, Me:COY; »vhor
3400, 1705, 1220, 1090, and 1035 em™. The mass spectrum of
27 exhibited the parent ion at m/e 320. Anal. Caled for CiaHosO,
C, 71.22; H, 8.81. Found: C, 71.41; M, 8.86. The infrared
spectrum of 2'7 was identical Wlth that of authentm 115- hydroxy—
Se-dihydrotestololactone.

_Elution with methanol-ether (1:10) gave 90 mig of crude solid,
mp 160-165°, which has not been identified. o

Oxidaton of 25 to Trione 26.—To 25 mg of CrOx in 3 m! of
acetone was added 50 mg of 25 in 3 ml of acetone. After stirring
at room temperature for 12 hr the acetone was removed under
vacuum znd the residue was partitioned between water and ether.

(41) R. C. Meeks, et al., U. 8. Patent 2,052,693 (Sept 13, 1960); Chem.
Abstr., BB, 488G (1860).

42) I, L, Herzog, J. Am. Chem. Soc 75, 266 {1953),

(42) Generously supplied by Dr, David K. Fukushima, Institute for
Steroid Research, Montefiore Hospita! and Medical Cenier, New York, N, Y.

(44) Kindly provided by Dr, Byron Riegel, G. D. SBearle and Co., Chicago,
1.
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The ether portion was worked-up in the usual way to give 38
mg of trione 26. Two recrystallizations from ether gave crystals
mp 194-196° {lit.® mp 193-195°). The infrared spectrum of 26
was identical with that of an authentic sample of 5a-androstane-
3,6,17-trione.*

Incubation of Testololactone.—Testololactone (1 g) was
incubated for 96 hr under the conditions described above.
Exhaustive chloroform extraction of the aqueous transformation
medium gave 620 mg of crude material which was chromatoe-
graphed on 30 g of alumina.

Elution with ether-benzene (1:1) gave 490 mg of starting
lactone 4, mp 207—209° alone and on admixture.

Elution with methanol-ether {1:98} gave 50 mg of eompound
28, which crystallized upon addition of ether: mp 263-265°;
[ai%p +56° (¢ 1.0, CHCL); Mo 241 my (e 15,700) (lit.®
mp 263-267°, folp +41°). The mass spectrum of 28 gave the
parent ion at m/e 318. Anal. Caled for CupHaQOuo C, 71.67;
H, 8.23. Found: C, 71.78; H, 8.32. The infrared spectrum
of 28 was identical with that of authentic 11g-hydroxytestolo-
lactone. 4

Orxidation of 28 to Xeto Lactone 33.—To 5 mg of CrQ; in a mi
of acetone was added 10 mg of 28 in 2 ml of acetone. After
stirring for 10 hr the acetone was removed under vacuum and the
residue was partitioned between water and ether. The ether
portion was worked up in the usual way to give 5 mg of crystal-
line 33, mp 239-241° alone and on admixture. The infrared
spectrum of 33 was identical with that of authentic 1I-oxo-
testololactone.*

Hydrogenation of 28 to Lactone 27.—Compound 28 (30 mg)
in 5 ml of absolute ethanol was hydrogenated at room tempera-
ture and atmospheric pressure in the presence of 5% palladiam
on caleium carbonate (15 mg). After removal of the csatalyst
by filtration, the ethanol was evaporated and the resulting residue
was chromatographed on 5 g of alumina.

Elution with methanol-ether {1:99) gave 10 mg of crystalline

" material which was identical with compound 27 described above.

Elution with methanol-ether {3:97) gave 15 mg of erude mix-
ture which was nof further purified.

Incubation of Aundrostanolone—Incubation of androstanolone
(1.25 g) gave 810 mg of crude product which was chromato-
graphed on 25 g of alumina.

Elution with benzene gave 179 mg of crystals whose Bs value .

on tle, speeific rotation, and infrared spectrum were identical
with those of Ha-androstane-3,17-dione.

Flution with methanol-ether {1:99) gave 250 mg of dihydroxy
ketone 30, which crystallized upon addition of ethyl acetate:
mp 254-256° alone and on admixture,
CHCL). Anal. Caled for CioHyOs: C, 74.47; H, 9.87. Found:
C, 7470; H, 9.72. The infrared spectrum of 30 was super-

(45) H. B. ’;\IIacPhiIlamy gnd C. R, Schols, J. Am. Chem, Soc., T4, 5512

(1952). .
{46) Generously provided by Dr. P. A, Diassi, Squibb Institute for Medi—_

cal Research, New Brunswick, N. J.

ANDROGENS WITH Aspergillus tamarii

fe]®n +41° (e 1.0,

1527

imposable on that of an acthentie sample? of Sa-androstane-
118,178-diol-3-one.

Elution with methanol-ether (3:97) gave 130 mg of com-
pound 27. The melting point, elemental analysis, and infrared
spectrum of this material were identical with those of compound
27 described above.

Incubation of Diol 30.—Incubation of diol 30 (150 mg) gave
96 mg of transformation product which crystallized upon removal
of the chloroform and addition of ethyl acetate. This material
was identical with starting diol 30. A thin layer ehromatogram
of the crude transformation product showed none of lactone 27.

Incubation of 5c-Pregnane-3,20-dione.—Incubation of 5e-
preghane-3,20-dione (1 g) gave a crude product (690 mg) which
was chromatographed on 25 g of alamina.

Flution with benzene gave 40 mg of dione 24, mp 130-132°
alone and on admixture. :

Elution with ether-benzene {1:1) gave 290 mg of 32 which
erystallized upon addition of ethyl acetate and hexane: mp
169-170°, [a]?**p —15° (¢ 0.1, CHCL) (lit.2 mp 171-172°,
[el®p —18°). Anal. Caled for CpHaOs: C, 74.96; H, 9.27.
Found: C, 75.05; H, 9.32.

Flution with ether-benzene (1:10) gave 165 mg of starting
dione 31, mp 198-200°.

FElution with methanol-ether (1:99) gave 85 mg of material
whose melting point and infrared spectrum were identieal with
those described above for 27,

Incubation of S«-Dihydrotestololactone.—Incubation of 5a-
dihydrotestololactone (200 mg) for 96 hr gave & crude mixture
(110 mg) which was ehramatographed on 10 g of alumina.

Elution with ether-benzene (1:1) gave 30 mg of material
identicai with lactone 32 described above.

Eiution with methanol—ether (1:99} gave 56 mg of crystalline
material identical with compound 27 described above.

Incubation of Sx-Androstan-115-01-3,17-dione.—Incubation of
ba-androstan-118-0l-3,17-dione (250 mg) for 96 hr gave a erude
extract (190 mg) which crystallized upon addition of ether.
The thin layer chromatogram, melting point, and infrared
spectrum of this material were identical with those of the starting
hydroxydione.
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